Reverse genetics technology offers the possibility to study the influence of particular amino acids of infectious bursal disease virus (IBDV) on adaptation to tissue culture. Genomic segments A and B of the very virulent (vv) IBDV field strain UK661 were completely cloned and sequenced, and the strain was rescued from full-length cDNA copies of both segments (UK661rev). Using site-directed mutagenesis, alteration of a single amino acid in the segment A-encoded VP2 (A284T) resulted in a limited capacity of UK661 to replicate in tissue culture. Additional alteration of a second amino acid (Q253H) increased replication efficiency in tissue culture. The second mutant (UK661-Q253H-A284T) was used to infect chickens and results were compared with UK661 and UK661rev. Whereas UK661 and UK661rev induced 100 % morbidity and 50-80 % mortality, UK661-Q253H-A284T proved to be strikingly attenuated, producing neither morbidity nor mortality. Moreover, UK661-Q253H-A284T-infected animals were protected from challenge infection. Thus, alteration of two specific amino acids in the VP2 region of IBDV resulted in tissue culture adaptation and attenuation in chickens of vvIBDV. The data demonstrate that VP2 plays a decisive role in pathogenicity of IBDV.
Introduction
Infectious bursal disease (IBD) is a highly contagious immunosuppressive disease in chicken. The disease, first described by Cosgrove (1962) , has spread worldwide. Its causative agent is infectious bursal disease virus (IBDV). Two serotypes (I and II) can be differentiated by cross-neutralization assay (McFerran et al., 1980) and ELISA using monoclonal antibodies (mAbs ; O = ppling et al., 1991) . Serotype I IBDV strains are pathogenic for chickens and can cause serious problems in the poultry industry, but individual strains differ markedly in their virulence. Serotype II strains, which have been isolated from fowl, turkey and duck (McFerran et al., 1980) , are apathogenic for chicken. Since the mid 1980s a new IBDV serotype I pathotype has emerged which is characterized by an acute course of disease with unusually high mortality, as first described by Box (1989) in The Netherlands. Such viruses have emerged in other European countries (Chettle et al., Author for correspondence : Egbert Mundt.
Fax j49 38351 7151. e-mail Egbert. Mundt!rie.bfav.de 1989 ; van den Berg et al., 1991 ; Eterradossi et al., 1992) as well as worldwide (Nakamura et al., 1992 ; Eterradossi et al., 1999 ; Di Fabio et al., 1999) .
IBDV belongs to the genus Avibirnavirus of the family Birnaviridae (Leong et al., 2000) . The genome consists of two segments, designated A and B, of double-stranded RNA, which are localized within a single-shelled icosahedral capsid of 60 nm diameter. The larger segment, A, encodes a polyprotein of approximately 110 kDa, which is proteolytically cleaved in cis by the viral protease VP4 (Birghan et al., 2000) to form the viral proteins (VP) VP2, VP3 and VP4. A second open reading frame encodes VP5 . Genome segment B encodes a 98 kDa protein, designated as VP1, which represents the putative viral RNA-dependent RNA polymerase (Spies et al., 1987) .
Usually, pathogenic bursal-derived field strains are not easily adapted to cell culture, a process which requires extensive passaging either in cell culture (Hassan et al., 1996) or on the chorioallantoic membrane (CAM) as well as in the yolk sac of embryonated eggs (Yamaguchi et al., 1996a) . Several field isolates failed to become adapted to cell culture (McFerran et al., 1980) . Recently, Lim et al. (1999) and Mundt (1999) showed the adaptation of serotype I strains to tissue culture by the reverse genetics approach. Lim et al. (1999) showed for the very virulent (vv) IBDV strain HK46 that aa 279 and 284, located in the variable region of VP2 (Bayliss et al., 1990) , are responsible for infection of tissue culture. Mundt (1999) showed for variant strains that aa 253 and 284, or aa 284 alone, can be responsible for infection of tissue culture, depending on the strain used. Serotype I strains adapted to tissue culture by serial passaging showed reduced in vivo virulence in infected chicken (Cursiefen et al., 1979 ; Lange et al., 1987 ; Yamaguchi et al., 1996a ; Hassan et al., 1996) . The reason for this altered virulence in chicken is unknown.
We report here the adaptation to tissue culture of vvIBDV strain UK661 by site-directed exchanging of certain amino acids using a reverse genetics system (Mundt & Vakharia, 1996) , verifying the amino acids responsible for tissue culture adaptation of IBDV as described recently (Mundt, 1999) . The influence of the adaptation to tissue culture on virulence was investigated by animal experiments.
Methods
Virus and cells. The very virulent strain UK661 (a generous gift from Dr F. Davison, IAH, Compton, UK) or the UK661 strain generated by reverse genetics (UK661rev, as described below) was propagated in specific-pathogen-free (SPF) chickens (Intervet). Chicken embryo cells Oligonucleotides used for amplification of RNA are indicated and marked by arrows. Full-length cDNAs were constructed under the control of the T7 RNA polymerase promoter (indicated by a thick bold line). Numbering of nucleotides is according to the published sequence of strain P2 .
(CEC) derived from embryonated SPF eggs (VALO, Lohmann) grown in Dulbecco's minimal essential medium supplemented with 10 % foetal calf serum (FCS) were used for passaging of transfection supernatants, and immunofluorescence assays. Transfection experiments were performed either on quail muscle cells (CCLV, Insel Riems, RIE 466) grown in medium 199 supplemented with 10 % FCS or on 11-day-old embryonated SPF eggs (VALO, Lohmann). The virulent strain Faragher 52\70 was originally isolated from a field outbreak (Bygrave & Faragher, 1970) . It causes morbidity and mortality. Strain Faragher 52\70 was used as the challenge virus at a dose of 10# chicken infective doses (CID &! ) per animal. The challenge dose had previously been determined in SPF chickens.
Construction of full-length cDNA clones. IBDV strain UK661 was propagated in five SPF chickens. Three days after infection the bursae Fabricii (BF) were removed, homogenized and virus was purified as described (Mu$ ller et al., 1986) . Pelleted virus particles were incubated overnight with proteinase K (0n5 mg\ml) and SDS (0n5%) at 37 mC. The genomic viral dsRNA was extracted with phenol-chloroform, recovered by ethanol precipitation and used for amplification of viral cDNA. The extreme terminal sequences of both segments were determined by the 5h-RACE method using oligonucleotides as described earlier . Based on these results and on the data published earlier for the UK strain 661 (Brown & Skinner, 1996) oligonucleotides were designed to construct full-length cDNA clones of both segments. Following reverse transcription the full-length genome consisting of segments A and B was amplified in three pieces using Deep Vent polymerase (New England Biolabs ; Fig. 1 ). For amplification of the 5h fragment (A1), the middle fragment (A2) and the 3h fragment (A3) of segment A primer pairs 661AF1\661AR1, 661AF2\661AR2 and 661AF3\661AR3 were used. Amplified fragments were cloned into BCC Table 1 . Oligonucleotides used for amplification of serotype I strain UK661 sequences Sequence and location of the oligonucleotide primers used for construction of mutated A segments. Used restriction sites are highlighted in boldface and appropriate restriction enzymes are named. Underlined nucleotides are virus-specific. Altered nucleotides for mutagenesis are in lowercase, the altered coding nucleotide triplets are highlighted in boldface and italics. The T7 promotor is shown in italics. The positions where the primers bind (nucleotide number) are in accordance with the published sequence of strain P2 SmaI-cleaved vector pUC18 (Pharmacia) to obtain appropriate plasmids (pA1, pA2, pA3). After sequencing, a unique restriction enzyme cleavage site (NaeI) located in the overlapping region of A1 and A2 and the BsrGI cleavage site created by the oligonucleotides were used to obtain p661A12. pA3 was cleaved with SacII\BsrGI to excise the 3h fragment and ligated into the appropriately cleaved p661A12 to obtain the fulllength cDNA clone of segment A of strain UK661 (p661A) under control of the T7 promotor. For construction of a full-length clone of segment B, primer pairs 661BF1\661BR1, 661BF2\661BR2 and 661BF3\661BR3 were used for amplification of three fragments of segment B (B1, B2, B3) encompassing the full-length cDNA sequence. These three fragments were cloned blunt-ended to obtain pB1 (5h fragment), pB2 (middle fragment) and pB3 (3h fragment), respectively. After sequencing, a unique LspI cleavage site located in the overlapping region of the middle-and 3h fragment was used together with the EcoRI cleavage site located in the plasmid, respectively, to ligate the middle fragment (B2) into EcoRI\LspI-cleaved pB3 to obtain plasmid p661B23. pB1 was cleaved with DraIII\EcoRI, the fragment was excised, eluted and ligated into EcoRI\DraIII-cleaved p661B23 to obtain a full-length segment B under control of the T7 promotor (p661B). Oligonucleotides used are listed in Table 1 , and the construction of p661A and p661B is diagrammatically represented in Fig. 1 .
Site-directed mutagenesis. Mutations were introduced into the segment A cDNA of strain UK661 following the protocol described by Kunkel et al. (1987) . To this end the full-length cDNA of segment A was subcloned into EcoRI\KpnI-cleaved plasmid pBluescript II SK + to obtain pSK-661A. After site-directed mutagenesis with oligonucleotides (Table  1) suitable mutated plasmids were identified by sequencing, cleaved with NdeI\SpeI, and fragments were ligated into appropriately cleaved p661A. The obtained mutagenized plasmids with the exchange of either a single amino acid, 253 (p661AQ253H), 279 (p661AD279N), 284 (p661AA284T), or two amino acids (p661AQ253H-A284T, p661AD279N-A284T) were used for subsequent transfection experiments.
Characterization of virus mutants in chicken.
In an animal experiment, 123 1-day-old SPF White Leghorn chickens were allocated into three groups of 35 chickens and one group of 18 chickens. All chickens were housed in negative pressure isolators. Food and water were available ad libitum. At 14 days of age 35 chickens were each infected by eye drop (0n1 ml) with 10# n ! EID &! of the wild-type IBDV strain UK661 (bursa material) and 35 chickens with UK661rev (bursa material), respectively. The third group of 35 chickens were each infected by the eye-drop method with 10% n % TCID &! of the tissue culture-adapted IBDV strain UK661-QH-AT. Eighteen animals of the fourth group were not infected and served as challenge controls. Three, 4, 7, 10 and 14 days post-infection (p.i.) and 3 and 10 days post-challenge, 5-10 chickens per group were euthanized with CO # and necropsied. Chickens which showed severe clinical signs (3, 4, 7 and 10 day after infection) were killed 
. From all killed chickens BF were isolated and split into two parts. One part was used for amplification of viral RNA and for the determination of the presence of IBD viral antigen by means of an ELISA. The second part was fixed in 10 % neutral-buffered formalin for histology. Furthermore, the serological response to IBDV infection was assayed by the virus-neutralizing (VN) test (Schro$ der et al., 2000) , 14 days postexposure. During the course of the experiment animals were observed daily for clinical signs and mortality.
To confirm the identity of virus and to investigate whether changes in the amino acid sequence occurred during passaging viral RNA of IBDV obtained from BF of chicken before challenge was amplified by RT-PCR using oligonucleotides (A44, UNI1R ; Table 1 ). Cloned PCR fragments were sequenced and obtained sequences were analysed using the Wisconsin package, version 8 (Genetics Computer Group, Madison, WI, USA).
Histopathology. Tissue samples of BF were fixed immediately after necropsy in 10 % neutral-buffered formalin for 24 h and paraffinembedded. Serial sections (4 µm) were mounted on organosilane-coated slides, dewaxed and stained with haematoxylin-eosin. The severity of bursal follicular necrosis was recorded using the bursa lesion score (BLS) as described earlier (Schro$ der et al., 2000) .
Detection of viral antigen in BF. Bursae were isolated and homogenized with 1 ml glass pearls (diameter 2 mm) and 1 ml PBS (pH 7n2p0n2) in a Retsch MM2 homogenizer (Retsch) for 20 min at maximum speed. The presence of virus in the bursal homogenate was determined with a sandwich ELISA which incorporated mAb-8. This mAb recognizes all strains of IBDV serotype I and has previously been described by Snyder et al. (1992) . The ELISA was based on that described by van Loon et al. (1994) . In brief, 125 µl of mAb-8 ascitic fluid was mixed with 625 µl distilled water and cooled to 0 mC. Then 31 µl 0n2 M H # SO % was carefully added. After 1 h incubation at 0 mC, 250 ml coating buffer (7n5 mM NaH # PO % , 34 mM Na # HPO % , 145 mM NaCl, 0n01 % NaN $ ; pH 7n2p0n2) was added. Polystyrene microtitre plates (96-well, tissue culture grade ; Greiner) were filled with 100 µl per well of pre-treated mAb-8. The plates were incubated for 1-2 h at 37 mC and overnight at 4 mC. Next, the plates were washed twice with washing buffer (500 mM NaCl, 0n15 % Tween 20 in PBS ; pH 7n2p0n2), 100 µl per well of the bursa homogenate were added and incubation was continued at 37 mC for 1n5 h. After another washing cycle, the wells of the plate were filled with an anti-IBDV polyclonal rabbit serum (1 : 2000 diluted) and the plates were further incubated at 37 mC. After 1n5 h the plates were washed three times and incubated with goat anti-rabbit IgG conjugated to horseradish peroxidase (Nordic ; diluted 1 : 15 000) for 30 min at 37 mC. After a final wash, substrate (0n014 mg\ml urea peroxide ; Organon Teknika) in the presence of 0n11 mg\ml 3,3h,5,5h-tetramethylbenzidine (Fluka Chemie) was added. After 5-10 min of incubation, the substrate reaction was stopped by adding 2 M H # SO % . Absorption was measured at 450 nm in an ELISA reader (Titretek, multiscan plus MK II, ICN).
Results

Determination of nucleotide sequence
To establish a reverse genetics system the complete genomic sequence of the very virulent strain UK661 was established. Genome segment A of UK661 comprises 3261 bp and contains two overlapping reading frames encoding the VP2-3-4 polyprotein and VP5. Segment B contains 2827 bp with one ORF encoding a 98 kDa protein (VP1), the putative RNA-dependent RNA polymerase. The obtained full-length nucleotide as well as amino acid sequences were compared with the partial sequences of segments A and B of strain UK661 published earlier (Brown & Skinner, 1996 ; UK661Skin) based on the numbering of the nucleotides of the first complete sequence of both segments of IBDV strain P2 . Additional nucleotides to the sequence UK661Skin segment A were determined for the extreme 5h-end (j1 nt) and the 3h-end (j76 nt ; Fig. 2) . The nucleotide sequence of UK661 analysed here was 99n7 % identical to UK661Skin. The analysis of the complete sequence for segment B revealed an additional 68 nt at the 5h-end and 44 nt at the 3h-end in comparison to the sequence of UK661Skin (Fig. 2) . All detected nucleotide and amino acid exchanges are summarized in Table 2 . The sequences of segments A and B were deposited in GenBank under the accession numbers AJ318896 and AJ318897, respectively.
Rescue of very virulent UK661 from cDNA
For transfection full-length cDNA clones of segment A (p661A) and B (p661B) of strain UK661 were linearized by BsrGI and SmaI, respectively, and transcribed into synthetic cRNA. Both cRNAs were cotransfected into QM-7 cells following the protocol as described earlier (Mundt, 1999) . At 48 h after transfection cells were freezed-thawed and the resulting supernatant was passaged twice onto primary CEC. 24 h and 48 h after transfection CEC were processed for immunofluorescence using rabbit polyclonal anti-IBDV antiserum . After three repeated experiments no infectious virus could be recovered in tissue culture. In parallel the CAM of 11-day-old embryonated SPF eggs were transfected as described earlier (Mundt, 1999) . After homogenization obtained supernatants were analysed by Western blot. No IBDV-specific antigen was detectable (data not shown). Finally, 0n2 ml each of the supernatants obtained from transfected OM-7 cells and CAM was injected into six susceptible 14-day-old SPF chickens in each group. On days 4 and 7 after injection chickens were bled, euthanized and the BF were removed. Macroscopic examination of the BF revealed in both groups that the bursae were yellow coloured and oedematous. After homogenization of bursa tissue IBDV antigen was detectable using antigen-capture ELISA. The obtained supernatants of the homogenized BF were used for propagation of the in vivo-generated UK661rev in embryonated eggs for subsequent experiments.
Adaptation of very virulent UK661 to tissue culture
To adapt UK661rev to tissue culture plasmids resulting from site-directed mutagenesis experiments (p661AQ253H, p661AD279N, p661AA284T, p661AQ253H-A284T, p661AD279N-A284T) and p661B were used. Transcribed cRNA of the different A segments was cotransfected with cRNA of segment B into QM-7 cells. 48 h after transfection BCE vvIBDV VP2 vvIBDV VP2 Fig. 2 . Sequence alignment of the 5h and 3h NCRs of segments A and B of strain UK661. Sequences of strain UK661 described in this paper (A-New, B-New) were compared with sequences published by Brown & Skinner (1996, A-Old, B-Old). The start and stop codons of the polyprotein gene (segment A) and the VP1 gene (segment B) are underlined. Dashes indicate residues identical to the sequence and asterisks mark the missing nucleotides in comparison to the sequence published by Brown & Skinner (1996) . Numbering of nucleotides is according to the published sequence of strain P2 . cells were freeze-thawed and resulting supernatants were passaged onto primary CEC. 24 h and 48 h p.i. CEC were processed for immunofluorescence. Infectious virus was generated after transfection of p661AA284T\p661B (UK661-AT), p661AQ253H-A284T\p661B (UK661-QH-AT) and p661AD279N-A284T\p661B (UK661-DN-AT). Virus was not recovered after transfection experiments using cRNA of p661AQ253H and p661AD279N, respectively, in combination with cRNA of p661B.
The obtained titres after rescue and passaging of the virus showed striking differences. Supernatants were passaged twice on CEC to test the efficiency of virus replication. UK661-AT and UK661-DN-AT resulted in titres of 10% TCID &! \ml. In contrast, after an additional two passages in CEC UK661-QH-AT contained 10& n #& TCID &! \ml.
Exchange of aa 253 and 284 attenuated vvIBDV in chicken
To investigate the properties of the generated IBDV in chickens animal experiments were performed. All animals infected with UK661 or UK661rev showed severe clinical signs of IBD before challenge. All chickens which had been examined at days 3, 4, 7 and 10 p.i. died or were euthanized for ethical reasons after the occurrence of severe clinical signs following infection with UK661 and UK661rev. The mortality rates were 80 % (28\35) for UK661 and 49 % (17\35) for UK661rev. In contrast, none of the animals infected with UK661-QH-AT died or showed clinical signs of IBD.
Bursae of chickens infected with the different IBDV strains showed depletion of bursal cells in bursal follicles but with remarkable differences (Table 3 ). UK661 and UK66rev induced severe lesions (complete lymphocytic depletion, BLS of 5), only 3 days after infection. The lesions induced by these strains were very persistent. 14 days after infection total lymphocyte depletion (BLS of 5) was still observed in the BF. In contrast, 3 to 14 days after infection with UK661-QH-AT only mild to moderate lesions (BLS between 1 and 2) were induced in the BF of infected chickens.
Three days after challenge acute severe lesions were observed in the non-infected animals, indicating that these animals were not protected (Table 3 ). Ten days after challenge severe chronic lesions resulting in a total lymphocyte depletion (average BLS of 5) were still present in the BF of the control group. In contrast, lesions observed 3 and 10 days after challenge for all infected animals were of a chronic nature. Ten days after challenge, animals infected with UK661 or UK661rev showed almost complete lymphocytic depletion (average BLS of 4n7 and 5), indicating no repopulation of the BF with B-lymphocytes after infection. Animals infected with the tissue culture-adapted UK661-QH-AT showed only mild to moderate lesions (average BLS of 1), 10 days after challenge. Table 2 . Nucleotide and amino acid exchanges of segments A and B after sequence comparison of strain UK661 described here with strain UK661Skin (Brown & Skinner, 1996) The nucleotide and amino acid positions are in accordance with the published sequence of strain P2 . Nucleotides and amino acids are described in single-letter code. Table 3 . Average bursal lesion score of infected and challenged 14-day-old SPF chickens
BCF
Segment
Chickens were infected and challenged via the eye-drop technique. Results are shown as average bursal lesion score of investigated BF, with the number of chickens investigated in parentheses. a, Acute lesions ; c, chronic lesions ; , not done. 
Sequence analysis of the RT-PCR products based on the virus reisolated from the chickens confirmed the identity of the IBDV used. Furthermore, no amino acid substitutions in comparison to the sequence of the used plasmids (p661A, p661AQ253H-A284T) were found within the region flanked by oligonucleotides used for RT-PCR, proving the genetic stability of the virus during chicken passage.
Detection of viral antigen in the BF
To determine the presence of viral antigen on different days after infection and challenge infection the mAb-8 ELISA was used (Table 4) . In animals infected with UK661 or UK661rev viral antigen was detected from 3 to 10 days after infection. Single chickens infected with UK661-QH-AT contained viral antigen in the BF between 7 and 14 days after infection. Three days after challenge infection no virus was detected when the animals had been infected with UK661, 661rev or UK661-QH-AT, indicating that 100 % protection was achieved. In the noninfected control group 3 days after challenge infection viral antigen was detected in all BF investigated.
Immunological reaction of chickens
The effect of the virus used for infection on the serological response of the remaining chickens 14 days after infection was assessed by the VN test. The results of the mean active immune response (VN titres) per group were 8n29p1n38 (n l 7), 9n17p1n58 (n l 18) and 7n6p1n73 log # (n l 25) for UK661, UK661rev and UK661-QH-AT, respectively. The sera of the non-infected group (control group) showed no VN activity.
Discussion
The adaptation of IBDV strains to tissue culture is a time consuming and laborious process with uncertain results. Based on the findings of Mundt (1999) and Lim et al. (1999) we used the reverse genetics approach for IBDV to adapt field strains to tissue culture without passaging the virus in in vitro systems such as embryonated eggs and tissue culture. A prerequisite for the establishment of an infectious cDNA system for IBDV is the determination of the complete sequence of both segments, which was done for strain UK661. It comprises 3261 nt for segment A and 2827 nt for segment B. For the extreme 3h end of segment A the pentanucleotide sequence UCCCU was found for the longest sequence as described for other serotype I and serotype II strains . Boot et al. (1999) described that the 3h-terminal sequences of segment A varied in length and could be extended after artificial shortening by a so far unknown mechanism. Since the recovery efficiency after transfection of a truncated segment A was reduced (Boot et al., 1999) , the full-length clone of segment A was constructed using the longest obtained 3h-terminal sequence of segment A. Also, the VP5 open reading frame in segment A showed a 5h-terminal extension in comparison with published sequences of the classical subtype (Spies et al., 1989 ; Bayliss et al., 1990 ; . This seems to be a common property of vvIBDV since the sequences of segment A of the very virulent strains D6948 (Boot et al., 2000) and HK46 (Lim et al., 1999) also exhibited this extension of VP5.
The adaptation to tissue culture of strain UK661 showed that the alteration of aa 284 (Thr to Ala) was necessary and sufficient for adaptation to tissue culture. These results are in agreement with data of Mundt (1999) , who showed that the exchange of either two amino acids (Q253H, A284T) of the variant E strain E\Del, or of one amino acid (A284T) of the GLS strain was sufficient to adapt those strains to tissue culture. In contrast, Lim et al. (1999) claimed that the exchange of two amino acids (D279N, A284T) of the very virulent strain HK46 was necessary for adaptation to tissue culture. However, single alterations of aa 284 and 279 were not tested. Based on the sequence data encoding VP2 of the HK46 strain, which differed from UK661 by only one amino acid (HK46-T485A-UK661) it is likely that the amino acid exchange A284T could also be sufficient for adaptation of strain HK46 to tissue culture. For vvIBDV Yamaguchi et al. (1996b) suggested that the exchange of aa 279 and 284 is important for infection in tissue culture. Taken together, it is likely that aa 284 plays a central role in infection of tissue culture. However, dependent on the surrounding amino acids other amino acids are also important for the ability of the virus to productively infect tissue culture. A single exchange (A284T) and the double exchange (D279N, A284T) resulted in UK661 derivatives (UK661-AT, UK661-DN-AT) which grew only to low titres in cell culture in comparison to the UK661-QH-AT. Why the additional exchange of aa 253 (Q to H) enhanced the amount of obtained virus after passaging is not clear. It is possible that this exchange gave the virus an advantage in virus replication by an unknown mechanism. These data are in contrast to the data of Lim et al. (1999) where the tissue culture-adapted HK46 strain containing two amino acid exchanges (D297N, A284T) grew to very high titres.
The failure of rescue of UK661 able to infect tissue culture and the successful rescue of infectious virus in chickens using the same tissue culture supernatant confirmed previous experiences of difficulties to adapt virulent IBDV strains to tissue culture (Yamaguchi et al., 1996a) and stressed the importance of single amino acids for adaptation to tissue culture as described recently (Lim et al., 1999 ; Mundt, 1999) . This was a prerequisite for the determination of the influence of tissue culture adaptation on the virulence of the virus. Since the mutants UK661-AT and UK661-DN-AT replicated only to low titres in tissue culture, UK661-QH-AT was used for animal experiments. The examination of the BF of chicken infected with UK661-QH-AT clearly showed an attenuated phenotype. In addition, the tissue culture-adapted UK661-QH-AT induced 100 % protection against a classical virulent strain. Whether this virus protects against the vvIBDV requires further investigation. Since all known IBDV strains adapted to tissue culture by classical methods contained an Asn and Thr at position 253 and 284 (Mundt, 1999) , respectively, the experiments presented here reflect the natural situation. It was suggested earlier that aa 279 and 284 were important for virulence in chicken (Yamaguchi et al., 1996b) . However, this has not been proven since other exchanges of amino acids were also found, e.g. in VP3 and VP4. As described, we show that VP2 was responsible for the attenuated phenotype of the tissue culture-adapted IBDV strain UK661. UK661-QH-AT showed a comparable phenotype to other vvIBDV strains adapted to tissue culture by classical methods (Yamaguchi et al., 1996b) . Thus, the attenuated phenotype of the tissue culture-adapted UK661-OH-AT was the result of the exchange of only two amino acids in VP2. One question remains : what is the reason for the attenuated phenotype in chicken? Both UK661rev and UK661-QH-AT are able to infect and subsequently destroy B-lymphocytes in the BF, resulting in a loss of the follicle architecture. Thus, the use of a different receptor is unlikely. It is possible that the entry of the tissue cultureadapted IBDV is delayed. However, it is also possible that UK661rev replicates more efficiently in the BF, resulting in a higher degree of follicle destruction. Infection of the Blymphocyte with UK661rev results in a more extensive negative influence on the cell life-cycle than infection with UK661-QH-AT. If this is the case VP2 has to interfere with cellular processes. Further investigations are under way to address these questions.
